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I. INTRODUCTION
S PACE. THE FINAL FRONTIER.' It has captured our imagi-
nation since early man looked up into the stars. The mod-
ern space age, however, finds its roots in a decades-long conflict
between two nations. The launch of Sputnik in 1957 set the
world on edge and triggered a space race between the United
States and the Soviet Union. The Cold War began to heat up,
and the international community feared a nuclear holocaust be-
tween the world's two superpowers. Incidents like the Cuban
Missile Crisis ultimately led to a series of demilitarization treaties
intended to prevent a global nuclear disaster.
In particular, the Partial Test Ban Treaty of 1963 sought even-
tual nuclear disarmament by prohibiting nuclear weapons tests
in the oceans, the atmosphere, and outer space. This ban on all
nuclear explosions in outer space, however, had a number of
unfortunate consequences. At the time, a group of top scientists
was hard at work on Project Orion-a top-secret spacecraft de-
sign that used small nuclear bombs to provide thrust. Project
Orion promised to open up the solar system and eventually in-
terstellar space with technology that could yield a round-trip to
Mars in under a year. Unfortunately, with the passage of the
Partial Test Ban Treaty, Project Orion came to an end because
its technology relied on forbidden nuclear explosions in outer
space.
Today, the Cold War is over, and space demilitarization trea-
ties, like the Partial Test Ban Treaty, are being called into ques-
tion. The National Aeronautics and Space Administration
(NASA) recently cancelled the Space Shuttle Program and be-
gan turning its attention to deep-space endeavors rather than
orbital projects. Nuclear-powered spacecraft are again on the
rise, with a manned mission to Mars planned for sometime in
the next two decades. Despite environmental concerns, these
space-based nuclear reactors are the only choice for manned
deep-space missions. The international community should look
forward to a bright new era of collaborative space exploration,
I Star Trek (NBC television broadcast 1966-69).
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and in doing so, reconsider some of the space law framework
created during the Cold War.
II. THE COLD WAR AND SPACE DEMILITARIZATION
TREATIES
A. THE BIRTH OF THE SPACE RACE
At least one commentator has suggested that "[t]he explora-
tion of the Universe, as conducted by physicists, astronomers,
and cosmologists, is one of the greatest intellectual adventures
.... This adventure officially began on October 4, 1957, when
the Soviet Union launched Sputnik.' The world's first artificial
satellite transformed American culture in a period known as the
"Sputnik Crisis."4 No longer were oceans, mountains, and other
remote regions of the Earth regarded as the final frontier.5 In-
stead, humanity could explore space as the next great adven-
ture-a place "that man seeks to conquer or to die there."6
The true significance of Sputnik, however, is its impact on mili-
tary history. America's plans for military use of space date back
to at least World War I. 7 The launch of Sputnik triggered the
"space race" between America and the Soviet Union and set the
international community on edge.8 Within a month of Sputnik's
launch, the Soviet Union put a dog into space aboard Sputnik I,
2 J.E.S. FAWCETT, OUTER SPACE 95 (1984) (quoting D.W. SCIAMA, MODERN COS-
MOLOGY vii (1971)).
3 Brandon C. Gruner, Comment, A New Hope for International Space Law: Incor-
porating Nineteenth Century First Possession Principles into the 1967 Space Treaty for the
Colonization of Outer Space in the Twenty-First Century, 35 SETON HALL L. REV. 299,
321 (2004).
4 See Barton Beebe, Note, Law's Empire and the Final Frontier: Legalizing the Future
in the Early CorpusJuris Spatialis, 108 YALE LJ. 1737, 1744-45 (1999) (describing
how the beginning of the space race was due to the "Sputnik Crisis").
5 See GYULA GAL, SPACE LAW 20 (I. M6ra trans., 1969) (comparing space explo-
ration to the summit of Mount Everest).
6 Id.;Jackson Nyamuya Maogoto & Steven Freeland, Space Weaponization and the
United Nations Charter Regime on Force: A Thick Legal Fog or a Receding Mist, 41 INT'L
LAW. 1091, 1094 (2007) ("[H]umankind finally could regard space as a reachable
frontier with the launch by the Soviet Union of Sputnik I ....1").
7 Glenn Harlan Reynolds, International Space Law in Transformation: Some Obser-
vations, 6 CHI. J. INT'L L. 69, 72 (2005) [hereinafter Reynolds, International Space
Law in Transformation]. America's fascination with rockets dates back even far-
ther, with "the rocket's red glare" present in our national anthem. See FRANCIS
ScoTr KEY, The Star-Spangled Banner (1814) (codified as the national anthem in
36 U.S.C. § 301 (2006)).
8 See Lara L. Manzione, Multinational Investment in the Space Station: An Outer
Space Model for International Cooperation?, 18 Am. U. INT'L L. REv. 507, 512-13
(2002) (describing the "space race" between the United States and the Soviet
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commonly known as "Muttnik."9  Soon after Muttnik, the
United States launched its first hurried response, a Vanguard
TV-3 rocket known as "Kaputnik."'' 1 The space race had officially
begun, and the Soviet Union won the first round with its launch
of Sputnik L
Following the successful launch of Sputnik I, the world's two
spacefaring nations would embark on the infamous Cold War
for decades to come.II The phrase "Cold War" dates back to
President Eisenhower's State of the Union Address in 1958 in
which he proclaimed, "The Soviets are . . . waging total cold
war."' 2 Science and technology became a predominant concern
within American culture, and the sense of post-World War II su-
periority fell by the wayside. 3 Another significant blow to
America's spacefaring ambitions occurred in 1961, when the So-
viet Union put the first man, Yuri Gagarin, in space.' 4
Although the Soviet Union won these initial battles, they did
not win the war; the Cold War, that is. In March of 1958, "NASA
was established as a civilian agency charged with defending
American prestige in the eyes of the world."'" NASA soon be-
came a cultural icon and faced a constant demand for results
from both politicians and the American public. Most notably,
President John F. Kennedy's speech at Rice University in 1962
described a new vision for NASA:
We choose to go to the Moon! . . . [B]ecause that goal will serve
to organize and measure the best of our energies and skills, be-
cause that challenge is one that we are willing to accept, one we
are unwilling to postpone, and one which we intend to win....
This is in some measures an act of faith and vision, for we do not
know what benefits await us.... But space is there and we are going
to climb it." r,
Union); Maogoto & Freeland, supra note 6, at 1095 (describing concerns in the
international community over the military uses of outer space).
9 Beebe, supra note 4, at 1744.
10 Id. at 1745.
11 See id. (discussing how the launch of Sputnik set off a rivalry for technological
and military superiority between the two nations); Maogoto & Freeland, supra
note 6, at 1095 (describing the origins of the space race between the United
States and the Soviet Union).
12 Beebe, supra note 4, at 1745 n.70.
13 See id. at 1746-47 ("[T]he American space program became a cultural icon
in the 1960s.").
14 See Manzione, supra note 8, at 513-14 n.22 ('Yuri Gagarin, a Soviet, became
the first man in outer space in 1961.").
15 Beebe, supra note 4, at 1746.
16 Gruner, supra note 3, at 316-17 (emphasis added).
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These words set the stage for what became known, according to
NASA, as the single greatest technological achievement of
mankind. 17
Apollo 11, a manned NASA expedition, reached the surface of
the Moon on July 20, 1969.18 Shortly after landing, Neil A. Arm-
strong set foot on another celestial body for the first time in
history. 9 He was joined by fellow astronaut "Buzz ' 20 Aldrin as
millions around the world watched this historic event on televi-
sion.2' On the surface of the Moon, Neil Armstrong uttered the
historic phrase, "That's one small step for a man, one giant leap
for mankind. '22 The stage was set, and America soon became
the single greatest spacefaring nation in the world.23 In the
years to come, space industry revenues would exceed $100 bil-
lion annually, with NASA's budget at nearly $19 billion
annually.24
B. THE PARTIAL TEST BAN TREATY
With the advent of Sputnik I, the use of space for military pur-
poses became a grave concern for the international commu-
nity.25 Within a year of Sputnik's launch, the United States
carried out a successful nuclear explosion in space.26 Citizens
around the world began to fear a world-ending collision be-
17 Apollo 11 30th Anniversmy, NASA, http://history.nasa.gov/apllann/intro-
duction.htm (last visited Oct. 20, 2012) ("On July 20, 1969, the human race ac-
complished its single greatest technological achievement of all time when a




21 See Apollo Moon Landing 35th Anniversary, NASA, http://ww.nasa.gov/audi-
ence/forstudents/5-8/features/FApollo_35th_Anniversary.html (last visited
Oct. 20, 2012) ("People around the world watched and listened as Neil [Arm-
strong] slowly climbed down the ladder of the lunar lander.").
22 Id.
23 See Beebe, supra note 4, at 1742 ("President Nixon called Apollo 11 'the
greatest week in the history of the world since the Creation."'); Jeb Butler, Note,
Unearthly Microbes and the Laws Designed to Resist Them, 41 GA. L. REV. 1355, 1389
(2007) (describing NASA as "the world's most accomplished space program").
24 See Reynolds, International Space Law in Transformation, supra note 7, at 72
("Worldwide space industry revenues now total almost $110 billion a year, $40
billion of which go to U.S. companies."); Press Release, NASA, NASA Announces
Fiscal Year 2012 Budget (Feb. 14, 2011), available at http://www.nasa.gov/hoine/
hqnews/2011/feb/HQ 11-041_NASABudget.html ("NASA announced Monday
an $18.7 billion budget request for fiscal year 2012.
25 Maogoto & Freeland, supra note 6, at 1095.
26 Id.
2012] 645
646 JOURNAL OF AIR LAW AND COMMERCE
tween the two superpowers, and for good reason.27 In the early
1960s, relations between the United States and the Soviet Union
soured due to the Bay of Pigs invasion-a failed invasion of
Cuba by Cuban exiles with U.S. backing.28 Tensions climbed be-
tween the world's two superpowers, and nuclear holocaust
seemed inevitable after incidents like the Cuban Missile Crisis.29
Nuclear disarmament soon became a predominant concern
within the field of international space law.3" In particular, the
United Nations proclaimed its desire "to avoid the extension of
present national rivalries into this new field."'"
In 1961, the international community took the first step to-
ward nuclear disarmament in outer space. The United States,
the United Kingdom, and the Soviet Union became signatory
parties to the Treaty Banning Nuclear Weapon Tests in the At-
mosphere, in Outer Space, and Under Water, commonly known
as the Partial Test Ban Treaty (PTBT) .32 Authored by the Ken-
nedy Administration, this treaty sought to end the arms race
along with all nuclear weapons testing.3 3 The treaty provides, in
pertinent part:
27 See Glenn Harlan Reynolds, Space Law in Its Second Half-Century, 31J. SPACE L.
413, 419-20 (2005) [hereinafter Reynolds, Space Law in Its Second Half-Century]
(describing the tension between the United States and the Soviet Union during
the Cold War).
28 See Michael Voss, Bay of Pigs: The "Perfect Failure" of Cuba Invasion, BBC NEWS
(Apr. 14, 2011, 4:10 AM), http://www.bbc.co.uk/news/world-latin-america-1306
6561 (describing the failed invasion of Cuba and its effect on international
relations).
29 See Cuban Missile Crisis, HISTORY.cOM, http://www.history.com/topics/cu-
ban-missile-crisis (last visited Oct. 22, 2012) (describing how the Cuban Missile
Crisis nearly led to complete global nuclear disaster, including how "a sense of
doom was felt by key players on both sides"). The Cuban Missile Crisis was the
result of an intense military standoff in October 1962. Id. The U.S. Navy, under
President John F. Kennedy, carried out a naval blockade against Soviet ships
transporting nuclear warheads to Cuba. Id. Millions around the world watched
and waited as nuclear war seemed inevitable. See id. Eventually, the United States
compromised with the Soviet Union, agreeing not to invade Cuba in exchange
for the warheads' removal. Id.
30 See GIISBERTHA C.M. REIJNEN, UTILIZATION OF OUTER SPACE AND INTERNA-
TIONAL LAw 43 (1981) ("The present rules of space law are closely intercon-
nected with disarmament, both on the Earth and as soon as technology develops,
also in outer space.").
3' Maogoto & Freeland, supra note 6, at 1095.
32 See generally Treaty Banning Nuclear Weapon Tests in the Atmosphere, in
Outer Space, and Under Water, Oct. 10, 1963, 14 U.S.T. 1313 [hereinafter Partial
Test Ban Treaty].
33 See id. (discussing the purpose of the treaty).
SPA CE DEMILITARIZATION TREA TIES
1. Each of the Parties to this Treaty undertakes to prohibit, to
prevent, and not to carry out any nuclear weapon test explosion,
or any other nuclear explosion, at any place under itsjurisdiction
or control:
(a) in the atmosphere; beyond its limits, including outer
space; or underwater, including territorial waters or high
seas; or
(b) in any other environment if such explosion causes radi-
oactive debris to be present outside the territorial limits of
the State under whose jurisdiction or control such explosion
is conducted ....
2. Each of the Parties to this Treaty undertakes furthermore to
refrain from causing, encouraging, or in any way participating in,
the carrying out of any nuclear weapon test explosion, or any
other nuclear explosion, anywhere which would take place in any
of the environments described, or have the effect referred to, in
paragraph 1 of this Article. 4
In short, signatory parties, including the United States, agreed
to prohibit any testing of nuclear weapons in the atmosphere,
underwater, and outer space. The treaty also reflects environ-
mental concerns over radioactive fallout, or as one commenta-
tor suggests: "Dilution is the solution to pollution."3 5 Overall,
the PTBT has two basic provisions aimed at the prevention of a
global nuclear disaster: (1) complete prohibition of all nuclear
detonations; and (2) the prevention of radioactive contamina-
tion of any extraterritorial areas.36 The PTBT was ratified by the
United States in 1963 and became a part of binding interna-
tional and domestic law.3 7 Later, over 100 nations became addi-
tional signatory parties to the PTBT.3 8
This treaty, along with the Outer Space Treaty39-a prohibi-
tion on the national appropriation of celestial bodies4 -had a
34 Id. art. 1.
3-5 Steven A. Mirmina & David J. Den Herder, Nuclear Power Sources and Future
Space Exploration, 6 CHI.J. INT'L L. 149, 153 n.11 (2005) (explaining how scientists
viewed dilution as the solution to radioactive pollution in the 1960s, rather than
the prevailing modern theory of simple containment).
36 Partial Test Ban Treaty, supra note 32, art. 1.
37 See id. (declaring a ratification date of October 10, 1963); U.S. CONST. art.
III, § 2 (describing how judicial power extends to all cases arising under treaties);
87 CJ.S. Treaties § 3 (2012) (describing how a treaty takes effect after it is signed
by the parties' agents and later ratified).
38 C. WILFRED JENKS, SPACE LAw 5 (1965).
39 Treaty on Principles Governing the Activities of States in the Exploration
and Use of Outer Space, Including the Moon and Other Celestial Bodies, May 24,
1967, 18 U.S.T. 2410 [hereinafter Outer Space Treaty].
40 Id. art. 2.
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profound impact on the space race and future space coloniza-
tion. These treaties may very well have prevented "a superpower
collision that could have produced a nuclear holocaust."41 How-
ever, the PTBT's prohibition on nuclear explosions in outer
space has become an unfair obstacle to deep-space exploration
by nuclear-powered spacecraft.42 It effectively killed Project
Orion's top-secret nuclear pulse rocket, along with any realistic
shot at interstellar exploration, as will be set forth herein.43
III. NUCLEAR SPACECRAFT: HISTORY
AND TECHNOLOGY
A. RADIOISOTOPE THERMOELECTRIC GENERATORS
Radioisotope Thermoelectric Generators (RTGs) have been
widely used by the United States in its reach for the stars.44
RTGs use a radioactive isotope of plutonium (Pu-238) as fuel.45
As Pu-238 undergoes its natural radioactive decay, it produces
heat.46 Onboard systems then convert this heat into electricity.47
As RTGs do not actually involve nuclear detonation, they are not
directly relevant to this article's discussion on the legality of nu-
clear reactor-powered spacecraft under the PTBT.48 Nonethe-
less, the lengthy history and success of RTGs illustrate the true
potential of nuclear power in outer space.
The United States has employed RTGs in dozens of successful
missions, including satellites, deep-space probes, and the Apollo
Moon missions.49 The RTG-powered Voyager probes, launched
in the 1970s, are still functioning at a distance of over 11 billion
41 Reynolds, Space Law in Its Second Half-Century, supra note 27, at 420.
42 Joseph MacAvoy, Note, Nuclear Space and the Earth Environment: The Benefits,
Dangers and Legality of Nuclear Power and Propulsion in Outer Space, 29 WM. & MARY
ENv-rL. L. & PoL'v REv. 191, 221 (2004) ("The Partial Test Ban Treaty presents a
serious obstacle to the development of a Project Orion-style nuclear pulse rocket
propelled by nuclear explosions.").
43 See infra Part III (describing the PTBT's effect on Project Orion); Reynolds,
International Space Law in Transformation, supra note 7, at 79 (explaining that Pro-
ject Orion was abandoned due to the ratification of the PTBT).
44 See Mirmina & Den Herder, supra note 35, at 151 (describing how RTGs
have been a primary nuclear power source for American spacecraft).
45 Id.
46 Id.
47 MacAvoy, supra note 42, at 195 ("RTGs produce energy by converting heat
from the decay of radioisotopic materials into electricity.").
48 See id. ("RTGs are not nuclear reactors, and do not produce energy through
nuclear fission or fusion.").
49 See Mirmina & Den Herder, supra note 35, at 152-53 (describing the success-
ful implementation of RTGs).
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miles from the sun.50 Having traveled well beyond Pluto, these
spacecraft have reached the outer "edge" of the solar system and
can be considered the first extrasolar spacecraft in history.5'
The Voyager mission is still providing useful scientific data at this
impossible distance, which illustrates the reliability of RTG
units.52 RTGs provide only a small amount of electrical power,
but they are extremely durable and reliable. 3  The RTGs
onboard American spacecraft have never failed, and have never
been linked to any deaths or cases of cancer.54
Despite this stellar track record, environmental concerns over
the use of RTGs have been all too common. 5 In Hawaii County
Green Party v. Clinton,56 an environmental group sought tempo-
rary and permanent injunctions against NASA's launch of the
Cassini spacecraft.57 The plaintiffs' primary concern was that
Cassini carried over seventy pounds of Pu-238 for use in its RTG
power supply.58 Ultimately, the court ruled in favor of NASA,
deferring to that agency's expertise and thorough planning.59
The court also found that the net benefit to the public far out-
weighed any iow probability of radioactive fallout, as the RTG
5o Steve Cole, NASA's Voyager Hits New Region at Solar System Edge, NASA JET
PROPULSION LABORATORY (Dec. 5, 2011), http://voyager.jpl.nasa.gov/news/new-
region.html.
51 See id. ("NASA's Voyager 1 spacecraft has entered a new region between our
solar system and interstellar space ... a kind of cosmic purgatory ... not yet in
interstellar space."); Mirmina & Den Herder, supra note 35, at 153 ("Meanwhile
the RTGs aboard . . .Voyagers 1 and 2 . . .now cruising well beyond Pluto, are
still functioning predictably.").
52 See Cole, supra note 50 (describing the data on solar wind velocity that Voy-
ager I is still providing).
53 See Mirmina & Den Herder, supra note 35, at 152 ("Although their resilience
to the deep space environment is without fault, one disadvantage of RTGs is their
relatively low power output.").
54 See MacAvoy, supra note 42, at 206 (describing how although 3 RTG-powered
spacecraft have failed, the failures were not due to RTGs, and "no evidence has
ever connected the accidents with death or cancer cases").
55 See Mirmina & Den Herder, supra note 35, at 168 ("[T]he downside of nu-
clear propulsion stems not primarily from technical concerns, but rather from
public perception, which is generally anti-nuclear."); David Tan, Towards a New
Regime for the Protection of Outer Space as the "Province of All Mankind ", 25 YALE J.
INT'L L. 145, 149 (2000) ("[T]he hazards associated with the increasing utiliza-
tion of [nuclear power sources] have raised widespread concern in the interna-
tional community.").
56 980 F. Supp. 1160 (D. Haw. 1997).
57 Id. at 1163.
58 Id. at 1162, 1166.
59 See id. at 1167-68 (deferring to the agency's weighing of the various costs
and benefits of the Cassini program).
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was "the only feasible power system."60 Hawaii County Green Party
provides an excellent example of how sound nuclear technolo-
gies, such as RTGs, can be undermined by public hysteria and
widespread fear.6' In two similar cases, other courts followed
suit, backing NASA's decisions to use RTGs in long-range sens-
ing missions.62
B. FISSION REACTORS
Fission reactors operate by splitting uranium (U-235) atoms
through a controlled reaction.63 Within the reactor, a neutron
is fired at a naturally unstable U-235 atom. 64 The U-235 atom
splits into two lighter atoms and produces an intense burst of
heat and radiation. 65 It also ejects another neutron, which then
splits additional U-235 atoms, producing a controlled chain re-
action.66 The heat produced by this nuclear reaction is then
60 Id. at 1168-69.
61 See id. at 1169 ("NASA studies show there is a low probability of injury to
[the] [p]laintiffs . . .the estimation of cancer fatalities due to an accidental re-
entry by the spacecraft is one in one million.") (emphasis added); Richard Berkley,
Comment, Space Law Versus Space Utilization: The Inhibition of Private Indust y in
Outer Space, 15 Wis. INT'L L.J. 421, 434 (1997) ("Radioactive waste pollution has a
special character of its own which creates hysteria among the general public and
the media.").
62 Michael B. Gerrard & Anna W. Barber, Asteroids and Comets: U.S. and Interna-
tional Law and the Lowest-Probability, Highest Consequence Risk, 6 N.Y.U. ENxrrL. L.J.
4, 24 (1997); see MacAvoy, supra note 42, at 221 ("Efforts to use American domes-
tic law to prevent the launch of nuclear power sources have proven completely
unsuccessful."). In the first case, an environmental group sought to enjoin the
RTG-powered Galileo mission, claiming that the mission was an environmental
hazard. Fla. Coal. for Peace & Justice v. Bush, No. 89-2682-OG, 1990 U.S. Dist.
LEXIS 13345, at *1 (D.D.C. Oct. 10, 1989). The court found for NASA, describ-
ing how "NASA concludes that in the unlikely case of a crash due to a reentry...
there is a one-in-ten-million chance of the possibility of 9.4 excess cancer deaths
over 70 years." Id. at *5-7. In the second case, also titled Florida Coalition for Peace
&Justice v. Bush, the same environmental group sought to enjoin the launch of
the RTG-powered Ulysses spacecraft, claiming NASA's lack of compliance with the
National Environmental Policy Act (NEPA). No. 89-2682-OG, 1990 U.S. Dist.
LEXIS 13345, at *2, 4 (D.D.C. Oct. 5, 1990). That court again deferred to
NASA's sound judgment, describing how the plaintiffs could show neither how
the injunction would serve the public nor any likelihood of success on the merits.
See id. at *8.
63 MacAvoy, supra note 42, at 197-98.
64 Marshall Brain & Robert Lamb, How Nuclear Power Works, How STUFF WORKS,
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converted into electricity through the use of a steam turbine.67
This reaction produces "extremely high power levels,"68 the
equivalent of approximately 1 million gallons of gasoline for
every single pound of U-235.69
With the seventieth anniversary of the first controlled nuclear
reaction approaching, "production of energy by nuclear power
has become a well-established scientific field."7 However, nu-
clear accidents like Three Mile Island and Chernobyl have led to
widespread disapproval of nuclear fission.71 Space-based fission
reactors have not been immune to this kind of public disap-
proval, although NASA's use of such reactors has been quite
rare.7 2 Only one space-based fission reactor owes its existence to
NASA-the SNAP-10A, which was launched in 1965.Y1 Follow-
ing some sporadic research efforts, the United States eventually
gave up on nuclear fission-powered spacecraft in the 1980s. 74
In contrast to the United States, the former Soviet Union fre-
quently used fission reactors in its various space missions.7 5 This
began in the late 1960s with the Soviet Union's Radar Ocean
Reconnaissance Satellites (RORSATs) -military satellites used
to track American ships.76 In 1978, a nuclear-powered RORSAT
called Cosmos-954 malfunctioned and reentered the atmosphere
above Canada. 77 It had approximately 110 pounds of U-235
onboard, which disintegrated and spread radioactive debris
across Alberta, Saskatchewan, and the Northwest Territories. 8
The total amount of radiation released was slightly less than
from the Hiroshima bomb.79 Canada spent close to $14 million
in cleanup costs and recovered $3 million from the Soviet
67 Id.
68 MacAvoy, supra note 42, at 198.
69 Id.; Brain & Lamb, supra note 64.
70 David Goren, Note, Nuclear Accidents in Space and on Earth: An Analysis of
International Law Governing the Cosmos-954 and Chernobyl Accidents, 5 GEO. INT'L
ENVTL. L. REV. 855, 857-58 (1993).
71 Id. at 858.
72 See Tan, supra note 55, at 149 (describing international disapproval of nu-
clear-powered spacecraft).
73 MacAvoy, supra note 42, at 210.
74 Id. at 211.
75 Id. at 212 ("Unlike the United States, the Soviet Union had a long history of
powering satellites with nuclear reactors . ).
76 Id.
77 Tan, supra note 55, at 149.
78 Goren, supra note 70, at 863-64.
79 Id.
2012]
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Union. s° Although cleanup of the radioactive debris was a com-
plete success, this was arguably the worst nuclear spacecraft acci-
dent in history.8 '
Despite environmental concerns over fission-powered space-
craft, such as Cosmos-954, they remain a viable choice for deep-
space missions. NASA specifically limits its use of nuclear reac-
tors to nuclear-safe orbits, "where the orbital decay time of the
craft is greater than the fissile material's radioactive decay time
... .This will practically eliminate the possibility of a cata-
strophic re-entry of radioactive materials. '8 2 One viable type of
fission-based spacecraft consists of a rocket propelled by a fission
reactor.8 3 This design uses fission to heat a liquid or gas core
inside the rocket.8 4 The heated liquid or gas then expands and
ejects through the rocket's exhaust nozzle at a high velocity.8 5
This provides extremely high thrust-far beyond that of conven-
tional rockets, which employ chemical propellants. a6 As such,
fission rockets are a natural choice for deep-space exploration
and have been the subject of considerable research efforts in the
United States.8
C. NUCLEAR PULSE ROCKETS AND PROJECT ORION
This "extraordinary concept" originated with nuclear weapons
research during World War 11.88 In 1947, two scientists at the
Los Alamos Laboratory-home to the infamous Manhattan Pro-
ject-proposed a radical new idea that would transform the fu-
80 Berkley, supra note 61, at 433.
81 See Goren, supra note 70, at 863-66 (explaining the overall impact of the
Cosmos-954 accident); MacAvoy, supra note 42, at 213 ("[Tlhe search, recovery,
and cleanup operations were completely successful ...."). Aside from the Cos-
mos-954 incident, nine other nuclear-powered spacecraft have malfunctioned and
reentered the Earth's atmosphere. Goren, supra note 70, at 862-63.
82 MacAvoy, supra note 42, at 218.
83 See id. at 199 ("Indeed, some scientists believe that manned missions to Mars
and the outer [s]olar [s]ystem are almost impossible without some sort of nuclear
rocket.").
84 EUGENE F. MALLOVE & GREGORY L. MATLOFF, THE STARFLIGHT HANDBOOK 46
(1989).
85 Id.
86 See Goren, supra note 70, at 862 (describing the overall benefits of nuclear
power sources); MacAvoy, supra note 42, at 200 (describing the benefits of nu-
clear-powered rockets over their chemically-propelled counterparts).
87 See MacAvoy, supra note 42, at 200-01 (describing how a nuclear rocket
could realistically reach Mars or the outer reaches of the solar system); MALLOVE
& MATLOFF, supra note 84, at 46 (noting multi-billion dollar research efforts in
the United States to develop nuclear rockets).
88 MALLOVE & MATLOFF, supra note 84, at 57.
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ture of spaceflight. 89 This nuclear propulsion system works by
"ejecting specially-constructed low-yield nuclear bombs, which
explode some distance behind a large . . 'pusher plate' at the
rear of the spacecraft."90 The pusher plate absorbs momentum
from the nuclear bomb's tremendous shockwave, which then
transfers to the spacecraft through shock absorbers and provides
forward thrust at incredible speeds.9 This concept was success-
fully tested at a nuclear test facility in the Pacific Ocean in 1959
and may remain the single most promising design for long-
range spacecraft, even with today's technology.92
The promise of this technology gave birth to Project Orion-
a multi-million-dollar research effort spearheaded by NASA, the
Air Force, and the Department of Defense. 93 This top-secret
military project began in 1958 with a basic model of nuclear
pulse propulsion and culminated with actual test flights with a
scale model.94 Using this basic technology, one estimate of a
round-trip mission to Mars was only 250 days.9 5 One of the pro-
89 See id. at 58-59 (describing the origins of the Manhattan Project). The Man-
hattan Project was a top-secret American military venture to develop a nuclear
bomb, beginning in 1942. Manhattan Project, NUCLEARFILES.ORG, http://www.nu-
clearfiles.org/menu/key-issues/nuclear-weapons/history/pre-cold-war/manhat-
tan-project (last visited Oct. 20, 2012). The program recruited some of the
world's top scientists and engineers, including Robert Oppenheimer and Albert
Einstein. Id. It culminated in the "Little Boy" and "Fat Man" bombs used against
the Japanese cities of Hiroshima and Nagasaki in 1945. Id. The decision to drop
these bombs remains controversial to this day among historians and the general
public alike. See id. Albert Einstein later came to regret his involvement in the
Manhattan Project. The Manhattan Project, AM. MUSEUM NAT. HIST., http://www.
amnh.org/exhibitions/past-exhibitions/einstein/peace-and-war/the-manhattan-
project (last visited Oct. 24, 2012). "[H]ad I known that the Germans would not
succeed in developing an atomic bomb, I would have done nothing." Id. (quot-
ing Albert Einstein).
90 MacAvoy, supra note 42, at 201.
91 MALLOVE & MATLOFF, supra note 84, at 59.
92 See id. at 59-60 (describing successful tests of the nuclear pulse propulsion
system and its long-term potential). "The subsequent development of nuclear
pulse propulsion in theory and experiment was so promising that it seems only by
chance, politics, and extraordinary circumstances that today nuclear pulse pow-
ered spaceships are not zipping with ease across the [s]olar [s]ystem." Id. at 60.
The U.S. Atomic Energy Commission holds several patents in both the United
States and Britain for this technology. Id. at 61.
93 Id. at 62. More recently, NASA has contracted with Lockheed Martin to
build a replacement for the Space Shuttle-also known as Project Orion. Ryan
Hugh O'Donnell, Comment, Staking a Claim in the Twenty-First Centuy: Real Prop-
erty Rights on Extra-Terrestrial Bodies, 32 U. DAYFON L. REv. 461, 464 (2007).
94 MALLOVE & MATLOFF, supra note 84, at 62-64; Reynolds, International Space
Law in Transformation, supra note 7, at 79.
95 MALLOVE & MATLOFF, supra note 84, at 64.
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ject leaders, world-renowned physicist Freeman Dyson, de-
scribed the program's success:
We felt then that there was a reasonable chance that the U.S.
could jump directly into nuclear propulsion and avoid building
enormous chemical rockets like the Saturn V. Our plan was to
send ships to Mars and Venus by 1968, at a cost that would have
been a fraction of what is now spent on the Apollo program. 96
Unfortunately, this program's enormous potential came to a
grinding halt with the passage of the PTBT.97 That treaty out-
lawed all nuclear explosions in outer space but failed to allow
the use of nonmilitaristic explosions, including nuclear pulse
propulsion drives. 98 As such, ambitious long-range spacecraft,
such as Project Orion, were immediately terminated. 99
D. OTHER THEORETICAL FLIGHTS OF FANCY
Some theoretical designs for interstellar spacecraft are also in-
cluded in this article for the sake of discussion. One such de-
sign is an offshoot of the nuclear pulse propulsion drive, which
would utilize fusion-based microexplosions. 10° This kind of
spacecraft could achieve a velocity of nearly 3% the speed of
light and "visit any location in the Solar System within a matter
of months[.]"O' Another highly theoretical design is called a
"photon rocket.' 0 2 This design uses the collision of matter and
antimatter to provide thrust through the expulsion of gamma
rays. °3 When antimatter collides with matter, it provides pure
96 Id. at 64; see Nicholas Dawidoff, The Civil Heretic, N.Y. TIMES MAG., Mar. 29,
2009, at 32 (describing Freeman Dyson's career).
97 See Reynolds, International Space Law in Transformation, supra note 7, at 79
("[Project Orion] was abandoned because of environmental concerns and in par-
ticular because the 1963 Limited Test Ban Treaty prohibited atomic explosions in
Earth's atmosphere or in outer space.").
98 MALLOVE & MATLOFF, supra note 84, at 66 (describing how "the failure of the
1963 nuclear test ban to unambiguously sanction nuclear detonations in space to
propel peaceful space missions" led to the demise of Project Orion).
99 Id.; MacAvoy, supra note 42, at 221 (discussing the PTBT's obstacle to. any
nuclear pulse spacecraft); Reynolds, International Space Law in Transformation,
supra note 7, at 79 (explaining why Project Orion was abandoned).
100 MALLOVE & MATLOFF, supra note 84, at 67. This new design departs from
traditional nuclear pulse rockets, which typically use garden-variety fission
bombs. See supra notes 88-94 (explaining the overall mechanics of Project
Orion-style spacecraft).
101 MALLOVE & MATLOFF, supra note 84, at 67.
102 See GAL, supra note 5, at 20 (describing the photon rocket-a favorite sub-
ject among journalists and astronomers).
103 Id.; MALLOVE & MATLOFF, supra note 84, at 49.
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energy-thousands of times more energy than nuclear reac-
tions.1"4 Unfortunately, this design is cost-prohibitive with cur-
rent technology, as it costs approximately $100 billion to
produce a single milligram of antimatter.1 0 5
Another highly promising but highly advanced spacecraft de-
sign is known as the "Bussard Ramjet.""'° This particular design
owes its name to Dr. Robert W. Bussard, a former scientist at the
Los Alamos Laboratory. 107 It gathers free-floating hydrogen ions
from the space between stars, feeds them into a fusion reactor,
and uses the resultant output for propulsion. 10 8 According to
Carl Sagan, this kind of spaceship could continually accelerate
at "lg"'1 9 and reach adjoining galaxies within a matter of de-
cades.110 Larry Niven and Isaac Asimov have featured the Bus-
sard Ramjet in science fiction novels.1 1' However, scientists such
as Freeman Dyson condemn this novel concept as a technologi-
cal impossibility. 1 2 These novel designs may not be directly af-
fected by the PTBT's complete ban on nuclear explosions in
outer space, 1 ' but they are nonetheless relevant to what the fu-
ture may hold.
104 See Kevin Bonsor, How Antimatter Spacecraft Will Work, How STUFF WORKS,
http://science.howstuffworks.com/antimatter.htm (last visited Oct. 20, 2012)
(describing the interaction of matter with antimatter); MALLOVE & MATLOFF,
supra note 84, at 51 ("Matter-antimatter annihilation is on the order of 1000
times more energetic than fission reactions and 100 times more energetic than
fusion reactions .... ").
105 MALLOVE & MIATLOFF, supra note 84, at 51.
106 See generally Bussard Interstellar Ramjet, BISBos.coM, http://www.bisbos.com/
rocketscience/spacecraft/bussardramjet/bussard.html (last visited Oct. 24, 2012)
(describing the Bussard Ramjet).
107 MALLOVE & MATLOFF, supra note 84, at 108.
108 See Bussard Interstellar Ramjet, supra note 106 (describing the operation of a
Bussard Ramjet).
109 The term "ig," commonly used in physics and related fields, refers to the
standard pull of gravity at the Earth's surface, an approximate acceleration of 9.8
m/s. See Standard Gravity, Acceleration, CONVERTWORLD.COM, http://www.convert
world.com/en/acceleration/Standard+gravity.html (last visited Oct. 20, 2012).
110 MALLOVE & MATLOFF, supra note 84, at 112. Due to the promise of such
technology, Carl Sagan recommended "a search of the [s]olar [s]ystem for possi-
ble alien bases, as well as a careful study of ancient legends for contact myths."
Id.
111 Id. at 109, 112.
112 See id. at 113 (describing how the fusion reaction at the heart of the Bussard
Ramjet is "very far from technological feasibility").
113 See Partial Test Ban Treaty, supra note 32, art. 1.
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IV. THE CURRENT LEGALITY OF NUCLEAR-POWERED
SPACECRAFT
Under current international law, the legality of nuclear-pow-
ered spacecraft varies according to the method of propulsion.
The first type of nuclear power, RTGs, is wholly authorized from
both an environmental and a wartime treaty perspective.' 14 Nu-
clear fission reactors are at least arguably legal under the PTBT
and Outer Space Treaty due to their peaceful nature.' 5 How-
ever, Project Orion and its progeny-which use controlled nu-
clear detonations as a method of propulsion-are directly
prohibited under the PTBT.116 This is a major problem that
should be addressed in coming years.
A. LEGALITY OF RTGs
In at least three separate cases, domestic courts have sup-
ported NASA's use of RTGs for deep-space missions.117 Custom-
ary international law takes a similar approach. As RTGs do not
involve an actual nuclear detonation, they fall outside the scope
of various space demilitarization treaties.' 8 The Outer Space
Treaty mandates the use of celestial bodies for peaceful pur-
poses,'l 9 and NASA's deep-space sensing missions certainly com-
ply with that mandate. RTGs are not weapons of mass
destruction, nor do they involve prohibited military maneuvers
in outer space. 121
Similarly, the PTBT does not prohibit indirect nuclear power
sources such as RTGs.121 It only prohibits nuclear explosions
that occur in outer space.122 A nuclear explosion involves an
"uncontrolled nuclear chain reaction," not the kind of natural
114 See MacAvoy, supra note 42, at 221.
115 Id.
116 Id.
117 See supra notes 56-62 and accompanying text (describing how courts have
generally backed NASA's use of RTGs in several cases); MacAvoy, supra note 42,
at 221 ("Efforts to use American domestic law to prevent the launch of nuclear
power sources have proven completely unsuccessful.").
118 Tan, supra note 55, at 168.
119 See 70C Am. JUR. 2D Space Law § 2 (2011) (describing the overall intent of
the Outer Space Treaty (citing Outer Space Treaty, supra note 39)).
120 See id. (explaining several peace-oriented provisions within the Outer Space
Treaty).
121 MacAvoy, supra note 42, at 215-16 (describing the differences between fis-
sion or fusion and RTG power sources).
122 Partial Test Ban Treaty, supra note 32, art. 1.
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radioactive decay found in RTG power systems.123 In fact, the
United Nations Committee on the Peaceful Uses of Outer Space
(UNCOPUOS) has explicitly endorsed the use of RTGs for in-
terplanetary missions, provided they are stored in a sufficiently
high, stable orbit.124 There are some environmental concerns
surrounding the widespread use of RTGs, but they remain a via-
ble, legal method of propulsion under international law.125
However, RTGs provide relatively low power levels, which have
proven inadequate for manned missions to Mars and beyond.126
B. THE ARGUABLE LEGALITY OF FISSION POWER SOURCES
"[P] rogress in space necessarily involves using compact, relia-
ble power sources such as nuclear energy."'1 27 Fission reactors,
whether used for propulsion or electrical power, are precisely
this kind of compact, reliable power source.12 However, their
legality under international law remains unclear.'29 The Outer
Space Treaty prohibits the placement of nuclear warheads and
similar weapons of mass destruction in outer space.' 30 So, a fis-
sion-based propulsion system appears proper under the Outer
Space Treaty, given its peaceful nature."'
The legality of space-based fission reactors under the PTBT is
less clear. Under this treaty, the United States cannot conduct
123 See Goren, supra note 70, at 869 (describing what a nuclear explosion is).
124 MacAvoy, supra note 42, at 227-29.
125 See id. at 231 ("[T]he United Nations has explicitly recognized that nuclear
technologies are useful for, or even essential to, certain civilian space missions.");
Mirmina & Den Herder, supra note 35, at 151, 163 (discussing the advantages of
RTGs along with certain environmental concerns over their use).
126 MacAvoy, supra note 42, at 199 (describing the advantages of nuclear rock-
ets); Mirmina & Den Herder, supra note 35, at 152 ("Although their resilience to
the deep space environment is without fault, one disadvantage of RTGs is their
relatively low power output.").
127 Van C. Ernest, Note, Third Party Liability of the Private Space Industry: To Pay
What No One Has Ever Paid Before, 41 CASE W. REs. L. RiEv. 503, 505 (1991).
128 See Goren, supra note 70, at 862 ("The benefits of nuclear power sources...
include the ability to generate power while not in sunlight, long life, capability to
produce greater amounts of electricity, and compact size.").
129 See Mirmina & Den Herder, supra note 35, at 163 (describing a lack of con-
sensus on whether international environmental principles regulate the use of nu-
clear power sources in outer space); Tan, supra note 55, at 150 (describing how
"many issues still remain unresolved" with regard to the use of nuclear power
sources in outer space).
30 MacAvoy, supra note 42, at 220.
131 Maogoto & Freeland, supra note 6, at 1100 (noting the United States and
Russia have described past missions as "peaceful"-consistent with the Outer
Space Treaty's mandate).
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"nuclear explosions" in outer space. 32 At first glance, this ban
on nuclear explosions may appear to prevent any sort of nuclear
reaction, including the process of fission. However, the solution
to this apparent difficulty lies within the common-sense distinc-
tion between a nuclear "explosion" and a nuclear "reaction."
A nuclear explosion is a destructive chain reaction-the pro-
totypical "mushroom cloud" produced by fission or fusion. 133
This uncontrolled explosion is very different from the con-
trolled chain reaction that occurs deep within a fission reac-
tor.'34 The controlled process of fission cannot be readily
characterized as any kind of nuclear explosion.' 5 It involves a
steady process that produces high levels of energy but no explo-
sion whatsoever. 13 6 Therefore, the PTBT's ban on nuclear ex-
plosions does not prohibit space-based fission reactors, and they
remain at least arguably legal under current international law.13 7
C. THE CLEAR PROHIBITION ON NUCLEAR PULSE ROCKETS
Nuclear pulse rockets use actual nuclear explosions for
thrust,3 8 in contrast to fission reactors, which employ a con-
trolled reaction. 39 The nuclear pulse rockets' use of nuclear
detonation runs afoul of the PTBT in two different ways. First,
the treaty prohibits signatory nations from carrying out nuclear
explosions in outer space.'O A Project Orion-style pulse rocket
uses "small atomic bombs for propulsion," in direct contraven-
tion of the provision against nuclear explosions. 4' The PTBT
also prohibits nuclear explosions if "such explosion causes radi-
oactive debris to be present outside the territorial limits of the
State."'14 2 A nuclear pulse rocket may violate this provision by
132 Partial Test Ban Treaty, supra note 32, art. 1.
133 Nuclear Weapon, BRITANNICA ONLINE ENCYCLOPEDIA, http://www.britannica.
com/EBchecked/topic/421827/nuclear-weapon (last visited Oct. 24, 2012).
134 Goren, supra note 70, at 869 (defining a nuclear explosion).
135 Id. at 868-69 (discussing why the PTBT does not apply to space-based fis-
sion reactors, including the Cosmos-954).
136 Mirmina & Den Herder, supra note 35, at 154.
137 See id. (describing the operation of a fission reactor); Maogoto & Freeland,
supra note 6, at 1103 (describing how international law generally permits acts that
are not specifically prohibited).
138 See MacAvoy, supra note 42, at 201 (describing nuclear pulse rocket
technology).
139 Goren, supra note 70, at 868-69.
140 Partial Test Ban Treaty, supra note 32, art. 1.
141 Reynolds, International Space Law in Transformation, supra note 7, at 79
(describing the legality of Project Orion under the PTBT).
142 Partial Test Ban Treaty, supra note 32, art. 1.
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leaving radioactive debris in the "global commons" of outer
space.' 43 So, the PTBT, on its face, clearly prevents the develop-
ment and testing of nuclear pulse rockets by any signatory
nations. 14
Most of the nations in the world, including the United States,
are signatory parties to the PTBT. 14 5 However, France and
China have not yet signed this treaty. 146 The unique position of
these major nuclear powers gives them an "opportunity to leap-
frog ahead of competitors," "likely to prove tempting" in the
field of nuclear pulse rocket technology.1 47 In particular, China
is the third country-other than Russia and the United States-
to conduct manned spaceflights." 8 China's long-term goals in-
clude sending a man to the Moon and possibly beyond.'49 The
space race is heating up again, and the United States cannot
afford to be left in the dust.1511
143 See Goren, supra note 70, at 868 ("[T] he [PTBT] recognizes the responsibil-
ity of the State to refrain from causing damage to ... the global commons.").
144 MacAvoy, supra note 42, at 221 ("The Partial Test Ban Treaty presents a
serious obstacle to the development of a Project Orion-style nuclear pulse rocket
propelled by nuclear explosions.").
145 Goren, supra note 70, at 868.
146 Id.
147 See Reynolds, International Space Law in Transformation, supra note 7, at 79
(describing how non-signatories to the PTBT may be able to exploit nuclear
pulse rocket technology). Nothing currently indicates exploitation of this tech-
nology by France or China, but this may change in the future. See Goren, supra
note 70, at 868.
148 Butler, supra note 23, at 1389.
149 Chi-Chi Zhang, China Unveils Ambitious Plan for Space Exploration, CNN (Dec.
30, 2011, 5:15 AM), http://articles.cnn.com/2011-12-30/asia/world-asiachina-
space-program-l-space-exploration-jiao-weixin-space-program?s=PM:ASIA.
China is currently banned from international collaboration in the field of space
exploration, including space conferences, exports, scientific exchanges, and any
use of the International Space Station. Andrew Jacobs, China's Space Program Bol-
stered by First Docking, N.Y. TIMES, Nov. 4, 2011, at A8. This ban came about
"shortly after Beijing's violent suppression of pro-democracy protesters in 1989,"
better known as the Tiananmen Square protests. See id.
150 See Butler, supra note 23, at 1389 (describing how China's space aspirations
"remain undaunted" despite its limited budget); Maogoto & Freeland, supra note
6, at 1092 (noting how China's space program has become "ascendant in the
twenty-first century"). Cf Reynolds, International Space Law in Transformation,
supra note 7, at 79 ("Should the space race heat up again, this [ban on nuclear
pulse rockets] may become an issue.").
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V. DEEP-SPACE EXPLORATION: THE TIME IS NOW
A. PROJECT PROMETHEUS
In July 2011, NASA's Space Shuttle Program concluded with a
successful landing of the Atlantis STS-135 mission. 5' With the
demise of its long-running program, NASA has begun turning
its attention to deep-space endeavors. 152 One such endeavor is
the aptly named Project Prometheus. 153 Project Prometheus
owes its name to a figure in Greek mythology.154 Prometheus
"stole fire from the gods and delivered it to man. 1 55 As punish-
ment for his theft, Prometheus was bound to a stake upon a
mountaintop where an eagle fed upon his liver for the rest of
eternity. 156 In fact, some early commentators referred to the
concept of fission-powered spacecraft as "stealing Promethean
fire.' 15
7
Project Prometheus would use nuclear fission-the forbidden
fire-to "develop and demonstrate the safe and reliable opera-
tion of a nuclear-reactor-powered spacecraft on a long-duration
space science mission.' 158 The project began in 2004 when Pres-
ident Bush called on NASA to develop systems capable of in-
creased power and long-range travel.' 59 More specifically, the
Bush Administration set goals of a manned mission to the Moon
by 2020, with a Mars mission to follow. 6 ' To date, NASA has
151 Space Shuttle, NASA, http://vw.nasa.gov/mission-pages/shuttle/main/in-
dex.html (last visited Nov. 16, 2012).
152 See Clay Dillow, NASA Unveils Its New Deep Space Exploration Vehicle, POPULAR
ScL. (May 24, 2011), http://www.popsci.com/technology/article/2011-05/nasa-
unveils-its-new-deep-space-exploration-vehicle (describing NASA's new focus on
deep-space exploration, including collaboration with Lockheed Martin). This
new focus on deep-space exploration partly owes its existence to the increasing
privatization of orbital launch missions. SeeJoanne Irene Gabrynowicz, One Half
Centuy and Counting: The Evolution of U.S. National Space Law and Three Long-Term
Emerging Issues, 37J. SPACE L. 41, 51 (2011) (describing a trend toward privatiza-
tion of manned orbital spaceflights). NASA's collaboration with Lockheed Mar-
tin will yield the Multi-Purpose Crew Vehicle (MCPV), capable of both routine
missions to the International Space Station and manned deep-space missions.
Dillow, supra.
153 Mirmina & Den Herder, supra note 35, at 156.
154 Id.
155 Id.
156 Prometheus, THEOi GREEK MYTHOLOGY, http://ww.theoi.com/Titan/Titan
Prometheus.html (last visited Oct. 20, 2012).
157 MALLOVE & MATLOFF, supra note 84, at 57.
158 See Mirmina & Den Herder, supra note 35, at 156 (describing NASA's efforts
with Project Prometheus).
159 Id.
160 Gruner, supra note 3, at 302.
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spent close to $500 million on Project Prometheus and has even
sought assistance from the Department of Energy for develop-
ment of fission-based propulsion systems."'
B. AN EYE TO THE FUTURE
Project Prometheus eventually became a part of the Constella-
tion Program-a proposed new era of manned spaceflights.162
NASA's website provides a detailed explanation of its far-reach-
ing goals:
NASA is beginning a new era in space exploration where we will
build the capabilities to send humans deeper into space than
ever before. We will use the International Space Station as a test
bed and stepping stone for the challenging journey ahead. We
are changing the way we do business, fostering a commercial in-
dustry that will safely service low Earth orbit so we can focus our
energy and resources on sending astronauts to an asteroid and
eventually to Mars. The road ahead is challenging but this ap-
proach and space exploration architecture puts us in a position
to go where no human has gone before. 6 '
The Obama Administration recently backed an approach with
similar goals to the now-cancelled Constellation Program, laying
the groundwork for a manned mission to an asteroid by 2025
and a manned mission to Mars sometime in the 2030s.164 This
represents a return to the golden age of space exploration, as a
manned mission to Mars would be the single greatest technolog-
ical achievement of our generation.
161 See NAT'L RESEARCH COUNCIL, LAUNCHING SCIENCE: SCIENCE OPPORTUNITIES
PROVIDED BY NASA's CONSTELLATION SYSTEM 18 (2009) [hereinafter LAUNCHING
SCIENCE] (describing the overall cost of Project Prometheus); Mirmina & Den
Herder, supra note 35, at 156-57 (describing collaboration between NASA and
the Department of Energy).
162 See LAUNCHING SCIENCE, supra note 161, at 18 (describing how Project Pro-
metheus led to development of the Jupiter Icy Moons Orbiter).
163 Constellation, NASA, http://www.nasa.gov/mission-pages/constellation/
main/index2.html (last visited Oct. 22, 2012).
164 Dillow, supra note 152. NASA recently received additional funding in the
amount of $6 billion over the next five years to further its long-term goals of
deep-space exploration. Nancy Atkinson, NASA Budget Details: Constellation Can-
celled, but Where to Next?, UNIVERSE TODAY (Feb. 1, 2010), http://www.universe
today.com/53232/nasa-budget-details-constellation-cancelled-but-where-to-next/.
This additional funding basically exempts NASA from a federal freeze on discre-
tionary spending. Id. The "Constellation" program was NASA's previous series of
missions, which was eventually cancelled because it was "over budget, behind
schedule, and lacking in innovation due to a failure to invest in critical new tech-
nologies." See id.
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Despite this incredible potential, critics are quick to point out
militaristic and environmental concerns with NASA's nuclear-
powered missions. Some fear that this technology could be used
to introduce weapons of mass destruction into outer space. 165
Others fear the possibility of a catastrophic nuclear meltdown in
the upper atmosphere. 66 These concerns are wholly un-
founded. NASA's new missions incorporate a nuclear reactor
used for peaceful scientific missions-not the kind of technol-
ogy seen in President Reagan's "Star Wars" program. 67 Addi-
tionally, any chance of a catastrophic nuclear meltdown during
launch or reentry is practically nonexistent, as NASA's reactors
remain dormant at these stages of a mission.'68 Overall, these
concerns seem to result from unfounded public hysteria sur-
rounding nuclear technology, rather than sound science or
policy.'
69
In fact, NASA's fission-powered missions are at least arguably
legal under the current regime of international space law.
Neither of the space demilitarization treaties has any bearing on
peaceful missions propelled by controlled nuclear reactors. 70
165 See Leo Enright, Project Prometheus, BBC RADio (Mar. 9, 2005), http://www.
bbc.co.uk/radio4/science/projectprometheus.shtml ("Critics fear that Project
Prometheus is an attempt by the United States to introduce powerful weapons
into outer space through the back door.").
166 MacAvoy, supra note 42, at 218 ("A nuclear reactor could be highly destruc-
tive to the terrestrial environment if the radioactive by-products of its fission reac-
tion were to reenter the atmosphere.").
167 See Enright, supra note 165 ("Proponents point out that [Project Prome-
theus] doesn't use atom bombs, but a small, safe nuclear reactor that generates
power for an electric propulsion system."); Maogoto & Freeland, supra note 6, at
1096 (describing the futuristic weapons announced by President Reagan in the
early 1980s); Alison Peck, The New Imperialism: Toward an Advocacy Strategy for
GMO Accountability, 21 GEO. INT'L ENVTL. L. Rrv. 37, 68-69 (2008) (describing
President Reagan's introduction of the high tech Strategic Defense Initiative, bet-
ter known as "Star Wars").
168 See MacAvoy, supra note 42, at 218 (describing how NASA limits its use of
nuclear propulsion to nuclear-safe orbits, which "practically eliminate [s] the pos-
sibility of a catastrophic re-entry of radioactive materials"); Mirmina & Den
Herder, supra note 35, at 155-56 ("Because fission reactors can be designed to
remain in a sub-critical (non-fissioning) state during launch and ascent, the risks
of 'meltdown' associated with terrestrial reactor plants can be avoided while the
device is in, or capable of re-entering, the Earth's atmosphere.").
169 See Berkley, supra note 61, at 434 (describing how nuclear pollution typi-
cally "creates hysteria" among the media and the public).
170 SeeJENKS, supra note 38, at 5 (noting several areas of international law, in-
cluding the PTBT, through which "[s] ignificant if tentative progress has ... been
made towards the legal demilitarisation of space"); REIJNEN, supra note 30, at 43
(explaining how space treaties are mostly concerned with disarmament).
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The Outer Space Treaty only mandates peaceful uses of outer
space, which does not prevent NASA's development of nuclear
power for scientific missions.17' Additionally, space-based fission
reactors do not run afoul of the PTBT because they use a con-
trolled nuclear reaction rather than prohibited nuclear explo-
sions.'7 2 In sum, fission-reactor propulsion systems remain
viable for deep-space exploration from both a technological and
legal perspective.
C. A CLOSER LOOK AT THE PTBT
In contrast to space-based fission reactors, Project Orion-style
nuclear pulse rockets remain a legal impossibility under the
PTBT. This treaty first prevents nuclear weapon test explo-
sions.1 73 It also prohibits all nuclear explosions in outer space,
regardless of their actual purpose.174 As a signatory party to this
treaty, the United States cannot conduct nuclear weapon test
explosions or other nuclear explosions in outer space. This in-
cludes any actual testing of a nuclear pulse rocket, which uses
small nuclear detonations to provide thrust.75 The PTBT's cat-
egorical ban on nuclear explosions has become an unfair obsta-
cle to deep-space explorationover time.
Many of the principles underlying the PTBT have become
wholly irrelevant. The treaty aims for "general and complete
disarmament under strict international control."'' 76 It was rati-
fied at the height of the Cold War when incidents like the Cu-
ban Missile Crisis set the international community on edge and
brought the world to the brink of nuclear holocaust. 177 How-
ever, the Cold War officially ended in the early 1990s with the
Soviet Union's gradual collapse. 178 Russia still launches more
spacecraft than any other nation, but "the space law framework
171 See supra notes 130-31 and accompanying text (describing the legality of
space-based fission reactors under the Outer Space Treaty).
172 See supra notes 132-37 and accompanying text (discussing the legality of
fission reactors under the PTBT).
173 Partial Test Ban Treaty, supra note 32, art. 1.
174 See id. (prohibiting "any other nuclear explosion ... in . . . outer space").
175 See MacAvoy, supra note 42, at 221 (describing how the PTBT "presents a
serious obstacle to the development of a Project Orion-style nuclear pulse rocket
propelled by nuclear explosions").
176 Partial Test Ban Treaty, supra note 32, pmbl.
177 See supra notes 25-41 and accompanying text (discussing the underlying
motivation and historical backdrop of the PTBT); Cold War, HISTORV.Com, http:/
/www.history.com/topics/cold-war (last visited Oct. 20, 2012).
.178 Cold War, supra note 177.
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created during the Cold War era of the mid-twentieth century is
under some strain.' 1 79 Instead of dwelling upon regrettable in-
cidents like Hiroshima and Chernobyl, the international com-
munity should look forward to a new, bright era of
interplanetary and interstellar exploration."s
Indeed, recent technological endeavors like Project Prome-
theus present an ideal opportunity to reconsider certain aspects
of international space law.181 Technology should not precede
sound legal policy, and "[i]t is to be hoped that jurists will not
let themselves be outdistanced by technicians."'8 2 Recent ad-
vances in nanotechnology offer the real possibility of a "space
elevator"-a meter-wide ribbon of carbon nanotubes that could
easily ferry astronauts and other objects into orbit. 83 Some
scientists even discuss the possibility of terraforming Mars. 184
179 Reynolds, International Space Law in Transformation, supra note 7, at 69; see
Berkley, supra note 61, at 421 ("The space race between the Soviet Union and the
United States created the field of space law."); Butler, supra note 23, at 1358
(describing the current state of Russia's space program).
180 See Enright, supra note 165 (" [T]he only safe and sustainable way to journey
away from the sun and still have useful power is to use nuclear technology.");
Ernest, supra note 127, at 505 (discussing the inevitability of nuclear power
sources for progress in outer space); Vladimir Kopal, The Use of Nuclear Power
Sources in Outer Space: A New Set of United Nations Principles, 19J. SPaCE L. 103, 108
(1991) (describing Chernobyl's effect on the use of nuclear reactors in outer
space); MacAvoy, supra note 42, at 193 ("According to many scientists and space
enthusiasts, nuclear power holds the key to mankind's future in outer space.").
"Several decades alter humankind's conquest of space, there has not yet been a
case of force being actively used in outer space by one nation against another."
Maogoto & Freeland, supra note 6, at 1096. Indeed, recent multinational collab-
oration onboard the International Space Station reveals just the opposite. See
infra notes 183-84 (discussing the International Space Station as a launching
platform for future missions to Mars).
181 See Manzione, supra note 8, at 510 ("Improvements in technology increase
the viability of outer space as the next frontier for international investment and
development.").
182 Beebe, supra note 4, at 1750 (quoting Professor Eugene P~pin, former head
of the International Institute of Space Law); see Gabrynowicz, supra note 152, at
41 ("United States national space law ... tends to follow the development of
space technology ....").
183 Reynolds, International Space Law in Transformation, supra note 7, at 77-78.
Space elevators have long been a favorite subject among science fiction authors.
Id. at 78.
184 Id. at 77. "Terraforming" is the hypothetical process of transforming Mars
into a livable, Earthlike planet by unlocking carbon dioxide from its polar ice
caps to increase temperatures and atmospheric pressure. Terraforming, THINK-
QUEST, http://library.thinkquest.org/23682/terraforming.html (last visited Oct.
23, 2012). NASA's manned mission to Mars, scheduled for some time in the
2030s, would involve multinational collaboration and testing onboard the Inter-
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Technology is advancing rapidly, and the time is ripe to recon-
sider the legality of nuclear-powered spacecraft. 8 Outdated
concerns over the militarization of space have no place in to-
day's international community given the prevalence of peaceful,
multi-billion-dollar collaborations like the International Space
Station.'86 One such concern is the PTBT's questionable ban
on all nuclear explosions in outer space.
D. RECOMMENDATION: AMENDING THE PTBT
It is widely acknowledged that the PTBT effectively termi-
nated Project Orion despite its great technological potential. 18
Because the PTBT is a binding treaty, signatory nations cannot
depart from its ban on nuclear explosions conducted in outer
space. 188 NASA-part of the executive branch of the U.S. gov-
ernment-could not depart from this prohibition, even with a
court order.' 89 However, binding treaties can be modified by
national Space Station. Tiffany Kaiser, NASA Administrator Announces Mars Mis-
sion; Stresses Importance of 1SS, DAILYTECH (Apr. 8, 2011), http://www.dailytech.
com/NASA+Administrator+Announces+Mars+Mission+Stresses++Importance+of
+ISS/article21334.htm. Some scientists still believe that life may exist on Mars.
Butler, supra note 23, at 1370. NASA has also proposed a mission called the Ter-
restrial Planet Finder, which would "search for Earth-like planets that might har-
bor life." Proposed Missions-Terrestrial Planet Finder, NASA JET PROPULSION
LABORATORY, http://www.jpl.nasa.gov/missions/index.cfm?mission=TPF (last vis-
ited Oct. 20, 2012).
185 Mirmina & Den Herder, supra note 35, at 175.
186 See What to Do with a $100 Billion Space Station, MSNBC (July 28, 2011),
http://www.msnbc.com/id/43932956/ns/technologyand science-space/t/
what-do-billion-speace-station/ (describing the costs and uses of the International
Space Station); Manzione, supra note 8, at 535 ("Former political enemies, the
United States and Russia (the former U.S.S.R.), worked hand-in-hand to make
the concept of an international space station capable of supporting human life
and conducting scientific research into a reality."); Reynolds, Space Law in Its Sec-
ond Half-Century, supra note 27, at 420 ("[I]t's time to reconsider [how] those
aspects of space law ... so much a child of the Cold War era, can be adapted to fit
the needs of a new century, and a new world.").
187 See Reynolds, Space Law in Its Second Half-Century, supra note 27, at 414 (ex-
plaining how the PTBT "had the side effect of killing the American Orion project
... so promising that [its developers] coined the slogan 'Saturn by 1970"'); Pro-
ject Orion, ABSOLUTE ASTRONOMY, http://www.absoluteastronomy.com/topics/
Project Orion_(nuclear-propulsion) (last visited Oct. 24, 2012) ("The Partial
Test Ban Treaty of 1963 is generally acknowledged to have ended [Project
Orion].").
188 See Manzione, supra note 8, at 517 (describing how international agree-
ments bind all signatories-those who agree to be bound by the agreement).
189 See U.S. CONST. art. III, § 2 ("This Constitution, and the Laws of the United
States which shall be made in pursuance thereof; and all Treaties made, or which
shall be made, under the Authority of the United States, shall be the supreme Law of
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amendment.19 Fortunately, the PTBT provides a mechanism
for subsequent amendment:
1. Any Party may propose amendments to this Treaty. The text
of any proposed amendment shall be submitted to the Deposi-
tary Governments which shall circulate it to all Parties to this
Treaty. Thereafter, if requested to do so by one-third or more of
the Parties, the Depositary Governments shall convene a confer-
ence, to which they shall invite all the Parties, to consider such
amendment.
2. Any amendment to this Treaty must be approved by a major-
ity of the votes of all the Parties to this Treaty, including the votes
of all of the Original Parties. The amendment shall enter into
force for all Parties upon the deposit of instruments of ratifica-
tion by a majority of all the Parties, including the instruments of
ratification of all of the Original Parties.'
9 1
The United States should propose the following amendment to
Article 1: "Parties to this Treaty may, however, conduct nuclear
explosions in outer space for the purposes of peaceful scientific
missions, including the propulsion of non-military spacecraft."
This amendment would allow the continued development of
Project Orion-style spacecraft for peaceful, deep-space
exploration. 92
By encouraging the development of peaceful scientific mis-
sions, this kind of amendment would bring the PTBT in line
with other areas of international law. The Outer Space Treaty,
ratified by the United States in 1967, only forbids the placement
of nuclear weapons in outer space. 93 It does not prohibit
peaceful uses of outer space. 1 94 In fact, the Outer Space Treaty
encourages scientific progress in outer space by describing how
the Land .. ") (emphasis added); The Amiable Isabella, 19 U.S. (1 Wheat.) 1, 22
(1821) (explaining that courts can only construe a treaty and cannot depart from
its obligations).
190 See 87 CJ.S. Treaties § 10 (2012) ("A treaty may be modified by subsequent
amendment.").
191 Partial Test Ban Treaty, supra note 32, art. 2.
192 See Legality of Project Orion, ORION DRIvE, http://www.oriondrive.com/pl
story-history.php (last visited Oct. 22, 2012) ("At the time of the [PTBT]'s sign-
ing, advocates of [Project] Orion, including the US Air Force, hoped an excep-
tion would be included in the treaty for peaceful nuclear explosions and/or
space travel.").
193 70C AM. JUR. 2D Space Law § 2 (2011) (citing Outer Space Treaty, supra note
39, art. 4).
194 Reynolds, International Space Law in Transformation, supra note 7, at 74; see
Gruner, supra note 3, at 325 (explaining how the Outer Space Treaty ultimately
prohibits any placement of weapons of mass destruction within outer space).
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"there shall be freedom of scientific investigation in outer space
• ..and States shall facilitate and encourage international co-
operation in such investigation.' 95 The Treaty on the Non-
Proliferation of Nuclear Weapons, ratified by the United States
in 1970, provides a similar approach: "All the Parties to the
Treaty ... have the right to participate in ... the peaceful uses
of nuclear energy."196 Read as a whole, these treaties encourage
the peaceful development of outer space, including any neces-
sary use of nuclear energy.1
9 7
In fact, the UNCOPUOS actually recommends the use of nu-
clear energy in outer space. 98 UNCOPUOS drafted the Princi-
ples Relevant to the Use of Nuclear Power Sources in Outer
Space (NPS Principles), which deal with the safe use and opera-
tion of nuclear reactors in outer space.199 Adopted by the
United Nations General Assembly in 1992, the NPS Principles
acknowledge that "for some space missions the use of NPS [Prin-
ciples] is essential, given the then-existing devices' compactness,
long life, and other attributes. '200 Basically, UNCOPUOS en-
courages any use of nuclear reactors for interplanetary missions
that cannot reasonably rely on other power sources. 201 The NPS
Principles are not binding as a matter of international law and
do not explicitly authorize the use of nuclear propulsion for any
class of spacecraft.20 2 However, they still provide a valuable per-
spective on the necessity of nuclear propulsion for deep-space
missions.
195 Outer Space Treaty, supra note 39, art. 1. Domestic law echoes the overall
approach of the Outer Space Treaty. The National Aeronautics and Space Act
declares that "activities in space should be devoted to peaceful purposes for the
benefit of all humankind." 51 U.S.C. § 20101 (2006 & Supp. IV 2011).
196 Treaty on the Non-Proliferation of Nuclear Weapons art. 4, Mar. 5, 1970, 21
U.S.T. 483. This Treaty further provides that parties have an inalienable right to
develop, produce, research, and use nuclear energy for peaceful purposes. Id.
197 See MacAvoy, supra note 42, at 221 (" [N] one of the multilateral space trea-
ties or test ban treaties prohibits the placement of nuclear materials in space for
non-weapon or non-explosive purposes.").
198 See United Nations, Principles Relevant to the Use of Nuclear Power
Sources in Outer Space, G.A. Res. 47/68, U.N. GAOR, 47th Sess., Supp. No. 49,
(Vol. I), U.N. Doc. A/47/49 (Vol. I), at 88 (Dec. 14, 1992) [hereinafter NPS
Principles].
199 William Lee Andrews III, Targeted Tax Relief for Space Commerce-Part 2: "As-
trolaw"- Where Does Space Begin?, 11J. INT'LTAX'N 10,20 (2000) (citingNPS Prin-
ciples, supra note 198, at 88).
200 Mirmina & Den Herder, supra note 35, at 161.
201 See Andrews, supra note 199, at 20 (explaining the allowable use of nuclear
reactors under the NPS Principles).
202 Mirmina & Den Herder, supra note 35, at 161.
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Overall, these different areas of international law provide an
important framework regarding the legality of nuclear energy in
outer space. Within this framework, the international commu-
nity should reconsider the PTBT's prohibition on nuclear pulse
propulsion. In particular, the United States should propose an
amendment to the PTBT that would allow peaceful, Project
Orion-style missions that rely on nuclear explosions for propul-
sion. 203 This approach would conform to NASA's recent focus
on interplanetary missions and perhaps even pave the way for
eventual interstellar colonization.20 4 Our time on the Earth is
limited, both by finite natural resources and the threat of over-
population.20 5 The time is ripe to reconsider the legality of nu-
clear-powered spacecraft under international disarmament
treaties.2 °6 The time is now.
203 See MALLOVE & MATLOFF, supra note 84, at 61 (describing how Project Orion
"almost succeeded in igniting a new day in space propulsion within the solar
system, but in the end it was overwhelmed by a host of political problems").
204 See id. at 60 (describing the extraordinary promise of nuclear propulsion,
including a study by the British Interplanetary Society of a spacecraft that could
reach the nearby Barnard's Star within a mere fifty years); MacAvoy, supra note
42, at 202 ("Nuclear rockets could eliminate these problems [of exposure to radi-
ation and microgravity] by drastically reducing travel times, enabling manned
exploration of the [s]olar [s]ystem."); Mirmina & Den Herder, supra note 35, at
149-50 (describing how the advent of Project Prometheus provides an ideal op-
portunity for the international community to reconsider the legality of nuclear-
powered spacecraft); History of Project Orion, ORON DRIVE, http://www.oriondrive.
com/pl-story-history.php (last visited Oct. 20, 2012) (describing how Project
Orion's "results point to a technique of rapidly traversing interplanetary dis-
tances substantially superior to any other method known today" (quoting Lieu-
tenant Colonel John R. Burke of the United States Air Force, Nuclear Power
Division)).
205 See Gruner, supra note 3, at 300 ("Many economic theorists are now worried
that if the world population continues to rise, the Earth will be depleted of all of
its resources and the ecosystem will not be able to support the number of people
needing supplies."). According to physicist and science fiction author Arthur C.
Clarke, the human race has approximately a 51% chance of survival due to the
possibility of nuclear warfare, an asteroid impact, and other environmental con-
cerns. Claudia Dreifus, A Conversation with Arthur C. Clarke: An Author's Space Odys-
sey and His Stay at the Chelsea, N.Y. TIMES, Oct. 26, 1999, at F4.
206 See Andrews, supra note 199, at 19 ("Remote-sensing technology and the
advent of feasible low-cost use of nuclear energy in spacecraft are two examples
where antecedent treaties were inadequate in addressing their unique complexi-
ties."); Beebe, supra note 4, at 1766 n.220 ("Morals and ethics must not lag be-
hind science, otherwise the social system will breed poisons which will cause its
certain destruction." (quoting ARTHUR C. CLARKE, THE CHALLENGE OF THE SPACE-
SHIP 11 (1953))); William J. Brennan, Jr., Space Colonization and the Law, 3 HARV.
J.L. & TECH. 7, 7 (1990) (discussing "what prospect there is for involvement of
the law and courts and lawyers in the still mysterious but surely burgeoning evo-
lution of humankind's effort to conquer the far reaches of the Universe");
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VI. CONCLUSION
Professor Stephen Hawking has often described how mankind
must colonize space to ensure its long-term survival.2 0 7 The
technology is there, but space demilitarization treaties stand in
the way. The PTBT not only prohibits all nuclear explosions in
outer space; it also prevents the development of nuclear-pow-
ered spacecraft with incredible potential. As we enter the
twenty-first century and a new era of manned spaceflights, nu-
clear energy will become the predominant technological feat of
our generation. Perhaps it is time to reconsider these aspects of
space law aimed solely at the prevention of global nuclear disas-
ter. Perhaps technology should not precede sound legal policy.
MacAvoy, supra note 42, at 201-02 (explaining why nuclear propulsion may "hold
the key to successful manned space travel"); Reynolds, International Space Law in
Transformation, supra note 7, at 69 (noting the irrelevance of space demilitariza-
tion treaties created during the Cold War).
207 Mark Whittington, Stephen Hawking: Colonize Space or End the Human Race,
YAHOO! NEWS (Jan. 8, 2012), http://news.yahoo.com/stephen-hawking-colonize-
space-end-human-race-192615409.html. As early as 1959, nuclear pulse propul-
sion spacecraft were described as a kind of "interstellar ark," with the potential to
transport the entire population of a small city across the vast interstellar gulf. See
Project Orion, supra note 187 (describing early designs for an 8,000-ton nuclear
pulse-powered spacecraft).
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